This study was conducted with Angus, Polled Hereford and Santa Gertrudis straightbred and crossbred cows. The subsequent cow breeding and calf performance of cows that were nonpregnant (NP) were compared with cows that were pregnant (PG) at the time calves were weaned. All NP cows had a calf the year previous to their being nonpregnant. They were diagnosed as physically sound with no detection (by rectal palpation) of an abnormal reproductive tract. The NP and PG cows were aged 4 to 9 yr. Also, the NP cows were compared with replacement females exposed to calve first as 2-and 3-yr-olds (H2 and H3, respectively), and with cows exposed for second calving as 3-yr-olds (C2). Cows were assigned within breed composition and age to sire breeding groups on pasture. Subsequent calving and weaning rates were similar for NP, PG and H2 cows, similar for H3 and H2 cows and lowest (P e .OS) for C2 cows. Calves from NP and H3 cows were born earlier (P e .05) in the calving period than calves from PG and H2 cows, whereas calves from C2 cows were born later (P e .05) than those from NP, PG and H3 cows. Calving difficulty was similar for NP, PG and C2 and greatest (P e .05) for H2 cows. Calf 205d weights were highest (P < .05) for NP, similar for PG and H3 and lowest (P e .05) for C2 and H2 cows. Calf weaning weight per cow exposed for breeding from NP cows was 13.8, 32.3, 55.2 and 1.0 kg higher than from PG, H2, C2 and H3 cows, respectively.
research results on this topic is a serious cause for lack of confidence in these recommendations. Thus, this study was done to provide research results that would be useful in making judicious decisions concerning nonpregnant cows. Three related studies were conducted. The objectives of Study I were to compare the subsequent reproduction and calving performance of physically and reproductively sound, nonpregnant cows vs 1) cows that were pregnant at calf weaning, 2) replacement females that were exposed to calve first as 2-and 3-yr-olds and 3) cows exposed for second calving as 3-yr-olds. The objective of Study 11 was to determine the causes of nonpregnancy of cows described in Study I. The objective of Study III was to evaluate patterns of reproductive performance during six consecutive years.
Materials and Materials
Study I. This 2-yr study was conducted with a part of the beef cattle herd of the Georgia Department of Corrections at Reidsville. This herd has been closed to outside cattle since 1954 with the exception either of virgin bulls brought in from herds with no known diseaserelated problems or of bulls that had passed brucellosis and tuberculosis tests. In recent years, female replacements have been vaccinated with strain 19 Brucella abortus vaccine and all females in the herd have been vaccinated with vibrio-leptospira spp. 5 bacterin prior to the breeding period each year. This was to provide protection against all known strains of Campylobacrer (vibri0)fetus and the five major types of leptospira (L. canicola, L. grippotyphosa, L. hardjo, L. ictero and L. pomona) in cattle. These vaccinations were given as a precautionary management practice in an attempt to continue the status of no known disease-related reproductive problems. One researcher stationed at the prison farm supervised the breeding and management procedures and collected data as outlined by the research personnel at the Coastal Plain Station in Tifton, GA.
Cows were Angus (A), Polled Hereford (PH) and Santa Gertrudis (SG) straightbreds and crossbreds developed from these breeds by topcrossing with these three breeds of bulls. The A and PH purebred bulls were produced at Tifton, whereas the purebred SG bulls were obtained from the University of Georgia herd at Athens and from performance test sales supervised by the Extension Service. Bulls of moderate birth weights (avg 36.7 f .87 kg) were used as sires in an effort to reduce calving difficulty due to calves with high birth weights. Bulls passed a breeding soundness examination (Simons, 1976) prior to the start of the breeding period.
Each sue breeding group contained five cow groups. Nonpregnant cows used in this study composed one of the cow groups (NP).
They ranged in age from 4 to 9 yr the subsequent breeding period and calved just prior to their being nonpregnant. In midDecember, they passed a breeding soundness examination that included a rectal palpation by an experienced veterinarian. These cows were diagnosed as physically sound without any disease, abnormal growth or problems associated with previous calving. Those that failed to pass the examination were slaughtered. Cows determined to be pregnant by palpation at calf weaning and diagnosed to be physically sound (PG) were similar in age and breed composition to NP cows. A l l NP and PG cows calved and almost all of them nursed their calves to weaning just prior to their being determined nonpregnant and pregnant, respectively, in December. The experimental design for NP and F' G has been described by Neville et al. (1987) . For this study, yr 1985, 1986, 1987 and 1988 replaced yr 1982, 1983, 1984 and 1985 , respectively, of that study. Other groups of similar breed composition were cows exposed for second calving as 3-yr-olds (C2) and replacement females exposed for first calving as 3-yr-olds (H3) and as 2-yr-olds (H2). Each of these five cow groups was apportioned to each of the single-sire and twosire breeding groups for yr 1 and 2, respectively. Also, the subsequent year, each of the cow groups within sire breeding groups was apportioned to each of the pastures for calf rearing to weaning.
Replacement females that failed to calve first as 2-or 3-yr-olds (H2 and H3, respectively) were slaughtered. Cows that failed to calve (NP) and were nonpregnant at calf weaning after the subsequent breeding period were slaughtered. All cows diagnosed as physically unsound were slaughtered. Also, cows that weaned calves with unusually light weights were slaughtered.
Breeding began the first part of April and continued for 95 to 100 d. Breeding groups on pasture were composed of nine single-sire units the 1st yr and 13 two-sire units the 2nd yr. For a particular two-sire unit, the sires were of two different breeds and of the same age. In order to remove significant effects of calf sire breed from the dependent variables, it was necessary to identify the calf sire in each of the 13 two-sire breeding units. Determination of the sire of the resulting calves was made at birth by comparing the coat color and smctural appearance with that of the two possible sire breeds and the breed composition of their dam. Large differences in coat color and structural appearance among the three breeds in this study permitted accurate identification of the calf sire.
Most calves were born between midJanuary and mid-March. Abnormal presentations at birth were not scored for calving difficulty. Male calves were castrated at birth. Calves were not creep-fed. Cows and calves grazed Coastal bermudagrass pasture during the summer. Breeding groups were assigned to pastures at random and were rotated among pastures during the breeding period as a means of reducing pasture effects. After the breeding period and until the weaning weights of calves were obtained in September, breeding groups were combined into larger units and rotated among pastures. Cows were wintered in large groups independent of breeding groups and received lowquality hay and(or) sorghum silage until the beginning of the breeding A l l weaned heifers were wintered as a group and were fed Coastal bermudagrass hay and(or) sorghum silage and grazed rye pasture as available until the first part of March. From the first part of October until the first part of March, their ADG was approximately .5 kg. At approximately 1 yr of age, all heifers were weighed and evaluated for selection as replacements in the cow herd. Selection was based primarily on weight for age within breed composition. They were assigned at random withii breed composition and age to become H3 and H2 cow groups. The H3 heifers were summered as a group on Coastal bermudagrass pastures and on Tifleaf millet pastures as available. During the second winter, they were managed as during the first winter and subsequently they were added to the breeding groups as 2-yr-olds.
Reproductive performance was evaluated in terms of 1) proportion of cows that calved (x 100 = % calving rate [CR]); 2) propoaion of cows that weaned calves (x100 = % weaning rate WR]) of those present at breeding; 3) number of days from the start of breeding period until calf birth (NOD); and 4) calving difficulty. For statistical analyses, cows that calved were assigned a value of 1; those that had no calf were assigned a value of 0. Calf performance was evaluated by ADG from birth to weaning and 205d weight. Total performance (cow and calf) was evaluated by calf weaning weight per cow exposed for breeding.
The 22 breeding groups were included as a within-year source of variation in four analyses. This was done in order to evaluate differences among pastures for its association with cow weight at the start of the breeding period, cow weight gain during the breeding period and its effect on the subsequent calving and weaning rate. Sire breed within year effect was determined in the remaining five analyses period.
by forming 35 calf sire breed units (nine from single-sire breeding groups the 1st yr plus 26 from the 13 two-sire breeding groups the 2nd
All analyses were done using PROC GLM in SAS (1985) . Cow weight, cow gain, CR and W R were analyzed according to Model I as follows:
Yt).
Yi,u = the lb cow of the j* breed in the i* year in the k* cow group; p = overallmean; Ti = effectofthei*year; c k = effect of the k* COW group; TC,k = effect of the ku'cow group interacting with the i* year; Bju) = effect of the jb breed group in the ib year; and qw = random error associated with Yijkl.
The NOD, birth weight, calving difficulty score, calf ADG and 205-d weight were analyzed using Model II as follows: where S,O = effect of the j* calf sire breed in the i* year; Fip~ = effect of calf sex from a particular cow; Giju = effect of calf birth weight from a particular cow; and Hiw = effect of calf birth date from a particular cow.
Calf weaning weight per cow exposed for breeding was analyzed with Model 11, except the Gi.u and Hijkl effects were not included.
AU edects in both models were considered random.
Srudy 11. Available for this study were 416 cows that had calved and subsequently were nonpregnant after one (374 cows) or two (42 cows) successive breeding periods. These cows, diagnosed as physically sound, were subjected to a breeding soundness examhation as described for nonpregnant cows in Study I.
They ranged in age from 4 through 11 yr at the breeding period subsequent to their being nonpregnant. They included cows in a previous study (Neville et al., 1987) , cows in Study I and similar cows in other studies. General management of these cows was as described for Study I.
Study ZZZ. This study was an evaluation of the calving frequency pattern during six consecutive calving periods (i.e., 6 yr). The first part of this study contained cows that calved in 1983 and 1984 and cows that failed to calve in 1984 but that calved in 1983 @e., NP cows described in Study I). These cows ranged from 4-through 7-yr-olds in 1984 (the first of six consecutive calving periods). Culling procedures for these cows (older cows) were the same as those described in Study I. Thus, the minimum and maximum times a particular cow could be nonpregnant and(or) not calving would be one and three times, respectively. No cow was kept beyond 12 yr of age.
For statistical analyses, cows that had a calf a particular year were assigned a value of 1; those that had no calf were assigned a value of 0. Thus, a 6-yr calving pattern consisted of six digits of ones or various combinations of ones and zeros. A frequency table was constructed to determine the number of cows associated with a particular pattern. Four groups of patterns were determined: 1) calved each year (1 pattern); 2) calved 5 of the 6 yr (6 patterns); 3) calved 4 of the 6 yr (10 patterns); 4) and calved 3 of the 6 yr (4 patterns). In groups having more than one pattern, frequency percentages were tested in order to determine the significance of differences among patterns within groups. A confidence limit was computed for each percentage and was used to determine which patterns were similar or different. The computation of the confidence limit for P = .05 as described in Steel and Torrie (1960) is: (In-(1.96) .
The second part of Study IlI contained cows that calved first as 2-or 3-yrdds in 1984 (younger cows), the first of six consecutive calving periods for these cows. Management procedures prior to calving for these cows were essentially the same from year to year as described for these two age groups at Fist calving in Study I. After assignment to breeding groups with older cows, they were managed as older cows.
Calving patterns of older cows that calved in 1984 were compared with those of younger cows. For each pattern, the percentage of younger minus the older cows was obtained. Of the 13 calving patterns, 10 produced differences for evaluation. Significance of each of these differences was determined by the usual procedure for obtaining the standard error of the difference between proportions as:
and po represent the proportion of cows where c 9 ving in a particular pattern of the total cows in the younger and older cow groups, respectively. Other statistical procedures were the same as those described for older cows in Study XU.
For all studies, the text reference to the probability of a difference between two or more means is as follows: 1) "higher than or lower than" means higher or lower (P < .05, P < .01, P < .001 as shown in the tables) than, whereas 2) "similar" means not significant.
Results
Study I. Cow weight at the start of the breeding period was affected by cow group and year x cow group interaction (Table 1) . However, cow weight was similar among breeding groups within year. Although cow group, year x cow group and breeding group within year were significant for cow gain during the breeding period, CR and W R were not affected by year x cow group interaction or breeding group within year.
Although the weight of NP and PG cows was similar at the start of the breeding period, NP cows gained more weight during the breeding period than PG cows. Probably this was because F'G cows were nursing calves, whereas NP cows had no calves. Also, C2 cows gained more weight than F'G cows, which probably was because C2 cows produced less milk than PG cows, as indicated 'CR = calving rate = proportion of cows that calved of those present at breeding x 100. dwR = weaning rate = proportion of cows that weaned a calf of those present at breeding x 100. eCG = cows grouped within breeding group according to their status at calf weaning prior to the breeding period, where NP = nonpregnant, PG = pregnant and C2, H3 and H2 were exposed the subsequent breeding period to calve second, first and fnst as 3-, 3-and 2-yr-olds, respectively.
f m e n this intexaction is significant, it is the appropriate error term for its main effects. ~B G = breeding group of cows on a particdm pasture.
hjheaus in the same column without a common superscript differ (P < .Os). u,mMeans in the same column without a common superscript differ (P < .01). *P < .05. **P < .01. ***P < .001.
by the 205d weights of their calves. The NP and H3 cows with no calves gained similarly.
There was no difference between NP, PG or H2 cows for CR or WR. Percentage of calf deaths from birth to weaning was greatest for €32 followed by H3 cows. The C2 cows had lower CR and WR than other cow groups.
Year difference did not affect NOD, birth weight, calving difficulty or weaning weight per cow exposed, but it did influence ADG and 205-d weight ( Table 2) . Sire breed of calf within year did not affect calving difficulty or weaning weight per cow exposed, but it did affect the other four independent variables. Because heavy birth weights have been shown to be a major cause of calving difficulty (Bellows et al., 1971) , it was included in the calving difficulty analysis. Results indicated that birth weight within cow group affected calving difficulty. Differences occurred among cow groups for the six dependent variables. The year x cow group interaction was not significant for any of the six variables. Sex influenced birth weight, ADG and 205-d weight but did not influence NOD, however, it approached significance (P > .08) for weaning weight per cow exposed.
The N p and H3 cows calved earlier in the calving period than other cow groups ( Table   2 ). The NOD for PG and H2 was similar. The C2 cows tended (P > .OS) to calve later than H2.
Calves of NP cows were heavier at birth than those of other cow groups. five with oophoritis, seven with cysts on one or both ovaries and four with ovarian atresia (3.8% with ovarian abnormalities); 2) nine (2.2%) with salpingitis; 3) five with uterine endometritis and seven with pyometritis (2.9% total); 4) 10 (2.4%) with cervicitis; 5 ) one (.25%) with perineal laceration; and 6) one (.25%) with an enlarged uterine horn that indicated a recent abortion.
Study ZZI. Of the 313 older cows, 28%
calved in each of the six consecutive calving periods (Table 3) . Forty-seven percent had five calves in 6 yr. Of the total cows, percentages of the cows among the six patterns for this group ranged from 4.8 through 10.5 with significant differences in incidence for some of the patterns. In the four calves per 6-yr group, 21% of the cows calved in 9 of the 10 possible patterns. Percentages of the cows among these patterns ranged from .6 through 7.3 with significant differences in incidence for some of the patterns. Only 3.5% of the remaining cows calved only three times in 6 yr. Any cows open for two consecutive years were culled and are not included in this data set. There was no indication of a tendency for many cows failing to calve every other year (010101 and 101010 = .6% of the cows) or for cows failing to calve every 3rd yr (01101 1 and 110110 = 4.1% of the cows). At the end of the six consecutive calving periods, the older cows ranged from 9-through 12-yr-olds. Calving frequency, as influenced by failure to calve, was affected by age as shown in Table 4 . As age of cow increased, there was a steady decrease in percentage of the cows in each age group that calved each of the 6 yr. For cows that calved in 5 of the 6 yr, there was no decrease in percentage of the cows that calved. This was partially due to cows that shifted from the 6 yr, the percentage was similar for the 9-and 10-yr-olds but increased to higher levels that were similar for the 11-and 12-year-olds.
Percentage increase for the 10-and ll-yr-olds also was due in part to shifts from the five calves in 6 yr frequency goup. The average number of calves per cow in 6 yr was 5.20, 5.07, 4.79 and 4.81 for the 9-through lZyr-olds, respectively. These figures indicate that calving frequency tends to drift downward after 9-yr-old cows are kept for subsequent
The 6-yr calving Patterns for younger cows are presented in Table 5 . The calving pattern of these 110 cows started with their first calf and thus differed from the 313 older cows that had calved previous to the start of the 6-yr period. For each calving pattern of calving. younger cows, the percentage of total cows that calved was compared with that of 226 older cows that calved the 1st yr of the six consecutive calving years. The respective percentages of younger vs older cows that calved are as follows: 1) each year of 6 yr it was 44.5 vs 39.4; 2) in 5 of 6 yr it was 44.5 vs 51.3; and 3) in 4 of 6 yr it was 10.0 vs 9.3. None of the differences between these percentages within calving frequency group was significant.
The cows that calved each year and were kept for subsequent calving numbered 226, 198, 168, 137, 122 and 89 for the 226 older cows and 110, 95, 74, 64, 58 and 49 for the 110 younger cows for yr 1 through 6, respectively. Thus, the percentages of cows that failed to cdve each successive year were 12.4, 15.1, 16.7. 11.6 and 27.7 for older cows and 13.6, 22.1, 12.4, 8.1 and 18.6 for younger cows for yr 1 through 5, respectively. Included in these percentages were nonpregnant cows that calved the subsequent calving period. Important differences occurred in the 2nd yr, when the younger cows were 7.0 percentage units higher than older cows, and in the 5th yr, when older cows were 9.1 percentage units higher than younger cows.
Discussion
The management of the prison herd is similar to that of many herds other than purebred herds that are managed for unexpected visits by potential buyers. Thus, results of these three studies should have application to most cattle producers.
Srudy I. The primary reason for this study was to compare the reproductive and calving performance of replacement females ((3, H3 and €I2 cows) with NP cows. In addition, this study served to evaluate the repeatability of results with NP and PG cows reported in a previous study (Neville et al., 1987) . The subsequent CR of NP and PG cows was similar in both studies. The NP cows had their calves significantly earlier in the calving period than PG cows in both studies, but the difference was not as great in this study.
Calves from NP cows had higher 205d weights than those from F G in this study. In the previous study, the 205-d weights were not different due to a year x cow group interaction.
Results with primiparous calving as 2-vs 3-yrelds were similar to those of another study (Neville et al., 1988) . Both studies indicated that the 3-yr-olds (H3) had calves earlier in the calving period, had less calving 
k L = confidence limit (P = .05). cProbability (* = P < .M) that the percentage of total cows in each calving pattern is different for younger compared w i t h d.e9fMeans in the same column within a subset without a common superscript differ (P < .05).
older cows.
difficulty, had calves with higher birth weights, had similar CR and W R and had calves with higher 205d weights than the Bellows et al. (1982) compared results of heifers calving first as 2-yr-olds with cows that had their second or third calf. The 2-yr-olds had more calving difficulty, had calves with lower birth weights and had a longer postpartum interval followed by a lower pregnancy rate than the cows. These latter two traits are comparable with and similar to differences in NOD and CR, respectively, for C2 vs PG cows in this study. The C2 cows calved later in the calving period and had a lower CR compared with PG cows. These results indicate that it may be advantageous to employ procedures known to reduce calving difficulty as 2-yr-olds (Bellows et al., 1971) and to increase nutrient supply after calving and during the subsequent breeding period as a means of increasing CR and reducing NOD for subsequent calving as 3-yr-olds.
2-yr-olds (H2).
Study II. Probably there are no herds in which all the cows produce a calf as 2-or 3-yr-olds and continue to produce a calf each year until they are culled at 10 or 11 yr of age or older. Why do cows fail to calve 1 or 2 yr during this time in adequately managed herds, or in herds that are less than adequately managed? There are obvious reasons for lowered fertility of many cows and most herds. However, after identification of cows with known causes of reproductive failure, many cows (88% in this study) with reproductive failure were diagnosed as normal by highly qualified and experienced personnel. The reproductive failure of NP cows the year subsequent to calving was no different from PG cows (Tables 1, 5 ) except for cows older than 9-yr-olds (Table 4) . Thus, when calf weaning weight per cow exposed at breedmg from NP cows is compared with PG, C2, H3
and H2 cows, consideration should be given for their retention for subsequent breeding exposure. This is based in part on the fact that heritability estimates of cow fertility are rarely different from zero.
Study 111. Of the cows that failed to calve one or more times, there was a degree of similarity for percentage of cows among the calving patterns within cow groups (Table 5) . Although there were some significant differences among the calving patterns, the likelihood that a cow would follow a particular pattern within a calving group appears to be random. Also, there was no indication that failure to calve every other year or every 3rd yr was a special concern in this study.
implicatlons
Nonpregnant cows between 4 and 9 yr of age that had a calf the previous year and are diagnosed as physically sound should be considered for subsequent breeding. This is because they produce an average of 32.3 kg more calf weaning weight per cow exposed at breeding, are less costly to maintain from time of calf weaning until subsequent calving and have fewer calving problems compared with weaned females that would replace them if they were culled. Compared to these mature cows, 2-yr-old cows had a low calving rate as 3-yr-olds (Study I), indicating that they require special care from calving to the end of the fnst breeding period to increase their subsequent calving rate.
